Background
Definitive concurrent chemoradiotherapy (CRT) is considered to be the predominant treatment for patients with unresectable esophageal cancer. 1 Tumor regression following CRT is regarded as not only a predictor of prognosis, 2,3 but also a reference for optimal surveillance scheme establishment and determination of further treatment, such as salvage surgery or adjuvant chemotherapy.
However, due to variation in tumor responses to radiation, prolonged radiation efficacy and side effects of radiation on normal tissue, including radiation-induced local inflammation or fibrotic changes, evaluating postradiation tumor regression can be complicated. 6 Until now, few studies on elucidating tumor regression patterns in patients with ESCC treated with CRT have been performed. An optimal surveillance scheme has not been established and varies somewhat arbitrarily worldwide. The guidelines of both the National Comprehensive Cancer Network (NCCN) and the Japan Esophageal Society (JES) recommend that patients should be examined 3-4 weeks after completion of CRT to evaluate the tumor short-term response, then subsequently surveilled every 3 months during the first year, and every 4-6 months thereafter. 7, 8 By contrast, the European Society for
Medical Oncology (ESMO) considers that, with the exception of patients who are potential candidates for "salvage surgery", it does not appear that regular follow-up after definitive CRT has an impact on survival. 9 However, all of these guidelines are lacking in sufficient evidence. So far, no definite consensus on what surveillance scheme is most effective has been adopted. In this retrospective study, we attempt to determine an optimal surveillance scheme by investigating the patterns of primary tumor regression after CRT in patients with esophageal squamous cell carcinoma (ESCC).
Materials and methods

Patient selection criteria
The current study extends on our previous research 10 and is based on the clinical data of patients obtained during our previous retrospective study, which was approved by Fujian Province Cancer Hospital (No. K201427) Institutional Review Board. Patients who fulfilled the following inclusion criteria were selected: i)histologically confirmed ESCC patients with no distant metastases except supraclavicular lymph node metastasis; ii)Eastern Cooperative Oncology Group (ECOG) performance status ≤2; iii)treated initially with CRT without neoadjuvant chemotherapy and/or salvage surgery; and iv)computed tomography (CT) and barium esophagography images available for defining clinical stage and evaluating tumor regression, from pre-CRT, at completion of CRT, and every 1-3 months subsequently. Patients who succumbed to acute radiation-induced pneumonitis following CRT were excluded.
The clinical TNM stage of enrolled patients was re-assessed according to the 8 th American Joint Committee on Cancer (AJCC) TNM staging system based on CT scanning findings analyzed by at least two radiologists. 11 The details of CRT, including concurrent chemotherapy regimen, gross tumor volume (GTV), clinical target volume (CTV) and organs at risk (OARs) of radiotherapy, target doses and doses limitations of OARs were defined and adjusted as described in our previous study. 3 All enrolled patients were treated with three-dimensional conformal radiation therapy (3D-CRT) or intensity modulated radiation therapy (IMRT).
Tumor regression evaluation
The pattern of primary tumor regression was evaluated firstly at the end of CRT and re-assessed every 1-3 months subsequently by CT and barium esophagography until the primary tumor did not regress any further (termed "full tumor regression", FTR) or until disease progression. Tumor regression was defined as clinically complete response (CR, the disappearance of all primary lesions evaluated by endoscopy and CT), incomplete response (IR, the persistence lesions on endoscopy and at least a 30% decrease in the greatest width of primary tumor on CT scanning), stable disease (SD, neither IR nor PD) and progression of disease (PD, the appearance of one or more new lesions and/or unequivocal progression in existing non-target lesions) using the Japanese Classification of Esophageal Cancer guidelines by two experienced radiologists. In the case of CR, histology confirmed by endoscopic biopsy was required. 12 
Surveillance and statistical analysis
The follow-up schedule for patients was as previously reported. 3 In brief, patients were evaluated every 1-3 months for the first 2 years after CRT, every 6 months for the next 3 years, and then once annually. All patient outcomes were evaluated in March 2018. The primary endpoint was FTR time. The secondary endpoints were overall survival (OS), locoregional failure-free survival (LFFS) and distant failurefree survival (DFFS). Locoregional failure was defined as an increase in the size of primary tumor and regional node (including the supraclavicular lymph node) or the appearance of new lesions within the radiation field. Distant failure was defined as evidence of tumor in any other area. The time to FTR was calculated from the date of RT completion to the date of FTR. The OS time was calculated from the date of diagnosis to the date of mortality or last follow-up. The LFFS and DFFS were defined as the duration between the date of diagnosis to locoregional progression, and distant progression, respectively.
Data were analyzed using IBM SPSS version 18.0 (SPSS, Inc., Chicago, IL, USA). Actuarial rates and survival curves were produced using the Kaplan-Meier estimator method and compared with the log-rank test. The correlation of tumor regression with clinical characteristics (including gender, age, ECOG score, tumor location, maximum tumor length and width, clinical TNM stages and the radiotherapy dose of GTV and CTV) was evaluated using Pearson correlation analysis. P≤0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics
Between September 1, 2004 and December 31, 2015, a total of 577 patients treated with definitive CRT at Fujian Province Cancer Hospital were reviewed. A total of 82 of these patients met the inclusion criteria and were collected for analysis ( Figure 1 ). The patient characteristics are presented in Table 1 .
Tumor regression, failure pattern and survival
At the first surveillance visit date at the end of CRT, a total of 21 patients achieved CR (early-CR), 29 patients reached IR, 25 patients maintained SD and 7 patients encountered PD. During subsequent surveillance, a total of 14 IR patients regressed continuously to CR (later-CR), the remaining 15 IR patients maintained IR (early-IR) and 9 SD patients gradually regressed to IR (later-IR). No patients with tumor regression from SD to CR or from PD to SD were observed. At FTR, a total of 21, 14, 15, 9, 16 and 7 patients were defined as early-CR, later-CR, early-IR, later-IR, SD and PD, respectively. The median time to FTR for later-CR (from IR to CR, T IC ) and later-IR (from SD to IR, T SI ) was 7.5 weeks (range, 5-41 weeks) and 7 weeks (range, 3-29 weeks), respectively. Tumor location, clinical N stage and clinical stage were considered to be correlated with tumor regression.
At the last surveillance visit, a total of 18 patients had survived, 62 patients had succumbed to disease progression and 2 had succumbed for unknown reasons. The median follow-up time of the cohort patients was 22 months (range, 3-108 months). The 1, 2, 3-year OS, LFFS and DFFS of early-CR, later-CR, early-IR, later-IR, SD and PD patients are summarized in Table 2 . The survival of early-CR, in terms of OS, LFFS or DFFS, was significantly improved compared with the other subgroups (P<0.001). There were no significant differences in survival among later-CR, early-IR, later-IR and SD patients (termed "non-early-CR"). However, non-early-CR patients has significantly improved OS compared with PD patients (Table 2; Figure 2 ).
The failure patterns of treatment in early-CR, later-CR, early-IR, later-IR, SD and PD patients are presented in Table 2 . The median times to failure (MTF) after CRT in early-CR, later-CR, early-IR, later-IR and SD were 23.5 (range, 11-43), 11 (range, 3-48), 11 (range, 5-12), 11 (range, 5-12), and 11 (range, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] difference among groups. Locoregional failure (LF) was the predominant failure pattern in all patients and no significant difference was observed among different subgroups. However, it was notable that distant metastasis (60%, 3/5 patients) rather than locoregional recurrence (20%, 1/5 patients) was the major failure pattern developed in early-CR patients.
Discussion
Our previous study 3, 10 indicated that in the majority of cases, failure of patients with ESCC treated with CRT occurred very early after CRT (>50% of cases within 9 months, >70% within one year and >90% within two years). 13 This suggested that following up within the first 2 years after CRT is the subject of surveillance for patients with ESCC treated with CRT. 7 However, the optimal surveillance scheme for patients with ESCC within the first 2 years after CRT, including the optimal first surveillance visit date for tumor regression evaluation and the interval between subsequent surveillance visits, has yet not been established. To determine the optimal first surveillance visit date to evaluate tumor regression, an understanding of tumor regression patterns in ESCC after CRT is required. Several studies on tumor regression patterns after RT or CRT have been performed in other cancer types. [14] [15] [16] However, to the best of our knowledge, few comparable studies have been conducted in ESCC treated with CRT. 17 Findings inferred from other cancer types after CRT may provide some insight into the pattern of tumor regression in ESCC after CRT. Kong et al performed a study on tumor regression patterns in head and neck squamous cell carcinoma after RT or CRT. 14 It was identified that 87.1% of patients demonstrated primary tumor regression at more than 2 months after RT, as well as at the completion of CRT. Therefore, the authors suggested that the optimal initial surveillance visit date for tumor regression evaluation should be ≥2 months after RT completion. Kwak et al conducted a study of timely tumor response after preoperative CRT in rectal cancer, and identified that regression rates peaked between 6 and 7 weeks after CRT and subsequently declined. 18 The current study demonstrated that compared with tumor regression evaluation at the end of CRT completion, nearly half (14/29) of IR patients regressed to CR (later-CR) and one third (9/25) of SD patients regressed to IR (later-IR) during surveillance, with median T IC of 7.5 weeks (range, 5-41) and T SI of 7 weeks (range, 3-29), respectively. These results indicate that ≥7 weeks after CRT may be the optimal initial surveillance visit date to evaluate tumor regression for ESCC treated with CRT. However, besides tumor regression, tumor regrowth is also an important consideration in determining the initial surveillance visit date for tumor regression evaluation. Kelly et al reported that if plotted, the odds of regression of esophageal cancer tumor after CRT and prior to surgical resection resembled an inverted U shape. The peak odds, which implied full tumor regression, were at the time interval of 85 to 98 days after CRT, and the odds decreased if the surgical procedure was delayed too long. 19 As demonstrated in our previous 10 and current study, the first locoregional recurrence, or tumor regrowth, occurred as early as three months (12 weeks) after CRT completion. Regarding the risk of complications during surgery owing to radiation-induced fibrosis, we recommend that the optimal initial surveillance visit date to define tumor regression should be no later than 12 weeks after CRT, to maximize surgical fitness. When evaluating the optimal surveillance interval, tumor regression evaluation at the first surveillance visit date and tumor resection potential are both important. For operable disease, patients were recommended to opt for surgery after CRT and the subsequent postoperative surveillance was not the issue of the current study. 20 For nonoperable disease, for example due to tumor location, physical condition or patient wishes, there are discrepancies in surveillance between CR and non-CR subgroups. Sudo et al conducted a study of relapse patterns in ESCC patients achieving CR after definitive CRT. They concluded that 14% of CR patients experienced luminal relapse after CRT. Of these, 100% could be observed by esophagogastroduodenoscopy (EGD) while only 11% of these patients could be determined by CT scanning. Furthermore, if local treatment were applied to patients with luminal relapse alone, this appeared to prolong median overall survival by 49.2 months. Consequently, a 3-month intensive follow-up based on using endoscopy to detect early luminary recurrence was recommended for improving patient survival. 17 However, although there were no significant differences in failure patterns among various subgroups, a notable result in the current study was that distant metastases, rather than locoregional recurrence (14.3 vs 4.8%) were the major failure patterns in early-CR patients, indicating that not only local but also system failure is a necessary subject for surveillance in CR patients. 21 Similarly, this suggests that it is worth considering intensive system chemotherapy to eliminate occult micrometastases for early-CR patients after CRT. 22 However, several studies on intensive system chemotherapy in ESCC treated with CRT, including neoadjuvant, concurrent and adjuvant chemotherapy, 3, 5, 23, 24 have for the most part failed to demonstrate a survival advantage. 25 Furthermore, although no significant difference was identified owing to the small number of patients in the current study, the time from CRT completion to locoregional or distant recurrence was longer in early-CRT patients compared with non-early-CR patients, with a median of 23.5 months and a wide range from 11 to 43 months. In other words, the earliest failure in early-CRT patients was at least 11 months after CRT completion, suggest that intensive follow-up in the first year of surveillance may not be necessary in these patients.
It is well known that CR after CRT is a good predictor of prognosis. 2, 21, 26 Shaikh et al performed a study of ESCC treated with neoadjuvant chemoradiotherapy (NCRT) followed by surgery to define prognosis prediction efficacy of CR after CRT. It was identified that a longer interval time between NCRT and surgery was associated with a higher rate of pathology CR. Unfortunately, pathology CR achieved via extending CRT to surgery interval time (later-CR) did not translate into OS improvement. 27 Similarly, the current study indicated that CR patients after CRT had superior survival to non-CR patients. However, when a stratified analysis was performed in different subgroups, the present study identified that, consistent with Shaikh et al compared with IR or SD patients, only early-CR but not later-CR patients, achieved notable survival improvement, which implied tumor radiosensitivity in those patients. This indicates that to predict the survival of patients with ESCC treated with CRT, early-CR after CRT but not later-CR should be a robust prognostic predictor.
For non-resection-eligible patients who encounter non-CR, which is a serious problem in the clinic and describes the majority of ESCC patients treated with CRT, an optimal surveillance interval is less clear. NCCN and Japanese guidelines suggest that these patients should undergo surveillance routinely, whereas ESMO guidelines recommend that follow-up visits in these patients should concentrate on symptoms, nutrition and psychosocial support, rather than survival. 9 The current study indicated that the survival of patients with later-CR, early-IR, later-IR, SD and PD was very poor, with a 3-year survival of 16.7, 20, 11.1, 6.3 and 0%, respectively. Our previous study also indicated that adjuvant chemotherapy with current regimens did not benefit patients treated with CRT in terms of improving survival. 10 Therefore, we suggest that, except for clinical trials, according to the currently available alternative treatments for non-CR and non-resection patients after CRT, the ESMO guidelines for surveillance in those patients may be more appropriate than NCCN or JES guidelines. One notable result of the current study was the unexpected differences in survival rates among later-CR, IR (early or later) and SD patients, particularly between later-CR and early-IR patients. The survival of later-CR patients, who were theoretically deemed to have improved survival compared with non-CR patients, were on the contrary inferior to early-IR in the current study. There was no obvious explanation for this unexpected result. However, the current study was limited by potential biases in patient selection and small sample sizes in each cohort due to the retrospective nature of the study.
Conclusion
In summary, the current study identified that early-CR rather than later-CR after CRT may serve as a robust prognostic predictor in patients with ESCC treated with CRT. To optimize determination of tumor regression after CRT, a surveillance visit date ≥7 weeks after CRT is recommended as the optimal initial date. To improve fitness for surgery, the surveillance and surgery date should not be later than 12 weeks after CRT. For non-early-CR patients who are expected to have poor survival, the subject of surveillance after CRT should be concentrated on symptoms, nutrition and psychosocial support, rather than screening for recurrence of the disease.
The current study had certain limitations due to its retrospective nature, including the inherent biases of patient selection and the suboptimal assessment of tumor regression by CT scanning, which makes it difficult for us to make firm conclusions from the findings. However, in reporting on the tumor regression pattern in ESCC after CRT, the current study provides some evidence for determining an optimal initial surveillance visit date and establishing a surveillance scheme.
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3D-CRT, three-dimensional conformal radiation therapy; AJCC, American Joint Committee on Cancer; CR, complete response; CRT, chemoradiotherapy; CT, computed tomography; CTV, clinical target volume; DFFS, distant failure-free survival; ECOG, Eastern Cooperative Oncology Group; ESCC, esophageal squamous cell carcinomas; ESMO, European Society for Medical Oncology; FTR, full tumor regression; GTV, gross tumor volume; IMRT, intensity modulated radiation therapy; IR, incomplete response; JES, Japan Esophageal Society; LFFS, locoregional failure-free survival; MTF, median time to failure; NCCN, National Comprehensive Cancer Network; OAR, organs at risk OS, overall survival; PD, progression of disease; RT, radiotherapy; SD, stable disease.
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